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Abstract 
The goal of this article is to validate the CFD simulations of the working fluid flow distribution in individual tubes of fin-and-
tube heat exchanger. For this purpose, the  CFD simulations have been conducted for the design of the inlet and outlet manifolds 
of the heat exchanger tube elliptical, and the results compared with the values determined empirically, by measuring the mass 
flow flowmeter installed in the lower part of the heat exchanger tube. A comparison of the results of numerical calculations with 
the measurement results is presented.  The turbulence model k-ε, k-ω and Shear Stress Transport model SST was considered in 
the computations. It has been verified that the numerical simulation results (mass flow rates) allow to produce the results in good 
agreement with experimental data. 
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1. Introduction 
In recent years, the fin-and-tube heat exchanger attracted broad scientific attention due to the high heat transfer 
efficiency achieved within a compact size [1-10]. Fin-and-tube heat exchangers are widely used in a variety of 
applications in the waste heat recovery units (WHRU), HVAC&R systems, automotive applications, chemical 
processing plants and other units and systems. The main advantage of fin-and-tube heat exchangers is a vast heat 
transfer area, which is utilized through extended surfaces (fins) [11-13]. Fins are usually used to achieve efficient 
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heat transfer between the gasses (flue-gas, air) and liquids (water, refrigerants, and oils). Hence, the fin-and-tube 
heat exchangers perform well mainly in a situation when a significant difference in the heat transfer coefficients 
(HTC) exists (i.e., low HTC for gas and high for a liquid). In industrial applications, the fin-and-tube heat 
exchangers are used as coolers, condensers, evaporators, and heaters. Elliptical tubes are preferred to circular ones, 
due to larger heat transfer efficiency and lower pressure drop [1,4]. 
When designing a heat exchanger one of the major challenges for designers is to correctly realize the flow and 
thermal processes, which ensure safe operation of these devices [14-21]. Today, an integral part of the design of heat 
exchangers is a flow modeling in programs that use numerical values to obtain the distribution of velocity and 
temperature in the issues under consideration. For the analysis of the tested fin-and-tube heat exchanger with 
elliptical tubes, a numerical model of flow domain was developed. The simulations were conducted in ANSYS CFX 
code [22]. The mass flow rate in individual heat exchanger tubes was determined by using the flowmeters of 
oscillatory type (Sontex Superstatic 749). Attempts have been made to validate the respective turbulence models 
with the experimental data. The turbulence model, which allows one to obtain the results more similar to those 
derived from experimental studies, was indicated. Furthermore, it was found that the CFD simulations allow to 
correctly determine the flow rate of the medium in each tube of heat exchanger. 
 
Nomenclature 
np rotational speed of pump impeller, rot/min 
m  mass flow rate per heat exchanger tube, kg/s 
2. Experimental setup and measurement results 
This paper analyzes the flow in heat exchanger tubular space, shown in Figure 1. The heat exchanger consists of 
twenty elliptical tubes, which are arranged in two rows in staggered formation. Tubes are fixed to the inlet and outlet 
chambers, whose construction is shown in Figure 1 and Figure 2. For the purpose of CFD analysis and results 
interpretation the tubes of the heat exchanger are numbered in the manner shown in Figure 3. 
 
The measurements were carried out successively for different rotational speeds of the pump, ie. 
2500,3000,4000,4850 [rot / min]. A steady-state operation of heat exchanger was considered. Each of the flow 
meters read the volume of the fluid that has passed through a given a tube of heat exchanger. Action was repeated a 
total of three times in one measurement. For the first time, read the value of the volume, which has passed from the 
time of the pump to start the measurement, then at intervals of 30 minutes the fluid volume was read two times. The 
same procedure was repeated for various rotational speed of the pump impeller. 
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Figure 1 Experimental setup. 
 
Figure 2 Dimensions of the tested heat exchanger. 
 
 
Figure 3 Numbering of the tubes in the heat exchanger 
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Table 1 
Values of mass flow rate in heat exchanger tubes 
ܖܘሾܚܗܜȀܕܑܖሿ 4850 4000 3000 2500 
Tube number Mass flow ܕሶ  ሾܓ܏Ȁܛሿ 
1. 0,04187 0,04270 0,03494 0,02828 
2. 0,04353 0,04215 0,03438 0,02745 
3. 0,04187 0,04215 0,03494 0,02773 
4. 0,04131 0,04159 0,03438 0,02745 
5. 0,03632 0,02717 0,03411 0,02551 
6. 0,03826 0,04215 0,03438 0,02218 
7. 0,04159 0,04326 0,03438 0,02745 
8. 0,04104 0,04104 0,03383 0,02717 
9. 0,04159 0,04159 0,03438 0,02745 
10. 0,04131 0,04159 0,03438 0,02773 
11. 0,03910 0,03605 0,03327 0,02579 
12. 0,04187 0,04104 0,03494 0,02717 
13. 0,04187 0,04159 0,03521 0,02773 
14. 0,04270 0,04270 0,03577 0,02828 
15. 0,03189 0,02884 0,03549 0,01691 
16. 0,04048 0,04326 0,03688 0,02884 
17. 0,04242 0,04326 0,03549 0,02801 
18. 0,04215 0,04326 0,03549 0,02801 
19. 0,04187 0,04326 0,03549 0,02828 
20. 0,04104 0,04159 0,03438 0,02690 
ܕሶ ܛܝܕ 0,81409 0,81021 0,69652 0,53432 
 
 
3. CFD model  
The first step in numerical modeling was to create a geometry that is compatible with the real dimensions of the 
tested heat exchanger. Then, after the creation of the geometry of the heat exchanger the discrete model was 
developed in ANSYS Meshing software. The ASNYS CFX [22] allowed one defining wall surface of the heat 
exchanger and specifies inlet and outlet boundary regions. The total mass flow rate corresponding to the heat 
exchanger inlet was assumed at the inlet boundary, while pressure level was preset at 1b at the heat exchanger outlet 
nozzle. The next step was to set the parameters of the simulation, ie. to specify boundary conditions (inlet: mass 
flow and  pressure outlet), the choice of the nature of the flow as laminar or turbulent (indicating an appropriate 
turbulence model) in the "Boundary Details" in the " Deflaut Domain ". The computations assumed the relative 
residual of 10-5 for mass and momentum equations. The mass flow rate in each tube was calculated at the location of 
evaluation planes, situated at the place of flow sensors installation (Fig. 4).  
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Figure 4 Mesh and evaluation planes for mass flow rate at the location of flowmeter installation. 
 
Various turbulence models were considered in the computations, including (k-epsilon, k-omega Shear Stress 
Transport and laminar). The simulation results were presented in Figures 5-8. 
4. Validation of turbulence models for various rotational speed of pump impeller 
For each value of rotational speed of pump impeller, the similar results were obtained. Given the nature of the 
assumed flow rate and turbulence model in each case the values obtained for the simulation of a laminar flow in the 
heat exchanger tubes were found to be the most deviating from those obtained by measurement of the flow sensors. 
SST model reflected the flow of the medium in heat exchanger tubes in highest accordance. 
 
The reason for the superiority of the model of the SST over the k-ω, k-ε and laminar flow models may be the 
use of the so-called blending functions. The SST model uses the  k-ω approach in the boundary region while k-ε 
within the flow core. This combination appears to be effective due to the fact that the k-ε model is not always able to 
correctly simulate the fluid flow in a viscous sublayer of boundary layer (except the turbulent sublayer where the 
velocity profiles shape is of logarithmic type), while the model of the k-ω allows you determine the correct 
distribution of the velocity gradient in sub-layer laminar boundary layer. The k- ω model enables one to determine 
the velocity gradient in laminar sublayer of the boundary layer. However, the computational time needed for a single 
iteration is higher for SST model than for k- ε or k- ω models.  
 
The Shear Stress Transport model performs well, whereas the significant pressure gradient exist within the 
boundary layer or for high-turbulent flows.  
 
Typically used in the engineering practice the turbulence models k-ε, k-ω, are well suited for modeling of a 
fully developed turbulent flow, but their applicability is doubtful for transitional and / or laminar flow regime. 
 
When modeling and solving fluid flow one should note that the turbulence models have one thing in common, 
ie. In systems of transport equations the models tend to average, respectively mass, velocity (momentum), as well as 
energy for changing the physical properties that depend on temperature. In the case of equations describing the 
principle of momentum and energy conservation the averaging is performed over time (RANS method - Reynolds 
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Averaged Navier-Stokes) and / or in the space (LES method). The advantage of the RANS approach is significantly 
shorter computing time, thus the using of this method is highly recommended in the engineering practice. Mostly the 
modelling of heat and fluid flow processes involves the averaging of variables over the time.  
 
 
Figure 5 Mass flow rate in heat exchanger tubes for rotational speed of the pump impeller equal 
 to ݊௣ ൌ ͶͺͷͲሾݎ݋ݐȀ݉݅݊ሿ 
 
 
Figure 6 Mass flow rate in heat exchanger tubes for rotational speed of the pump impeller equal 
 to ݊௣ ൌ ͶͲͲͲሾȀሿ 
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Figure 7 Mass flow rate in heat exchanger tubes for rotational speed of the pump impeller equal 
to ݊௣ ൌ ͵ͲͲͲሾȀሿ 
 
 
Figure 8 Mass flow rate in heat exchanger tubes for rotational speed of the pump impeller equal 
 to ݊௣ ൌ ʹͷͲͲሾȀሿ 
5. Conclusions 
The case study presented in this paper validated the application of various turbulent flow models (k-epsilon, k-
omega and SST) for modelling of flow distribution in one-pass heat exchanger with elliptical tubes. The tubes were 
arranged in two rows (ten tubes per one row) in staggered formation.  
The individual results of numerical calculations that employ the selected turbulence models (k-epsilon, k-omega 
and SST), and laminar flow model, were compared with the result of measurement, allowing to conclude that the 
CFD simulations allowed the relatively accurate determination of working fluid flow in the tubular space of heat 
exchanger. The working fluid mass flow rate was measured at a distance to outlet of 100 mm for the first tube row 
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and 150 mm for the second row. The evaluation planes were created in the CFD model to determine the mass flow 
rate at the location of the flowmeters.  For the case studied, the highest accordance with the experimental results was 
achieved for the Shear Stress Transport Model (SST). The lowest accordance was achieved for the laminar flow 
model.  
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